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Abstract
Objective: The paper presents a new trend of weight-for-height index of 2397 school children(1268 boys and 1129 girls) aged 6.5-11.5 years by sex in a representative sample from primaryschools of Shiraz (Southern Iran) at an interval of 15 years (1988-2003) and its relation to theCenter for Disease Control and Prevention (CDC) data (2000).
Methods: The data relate to a multi-stage random sample of healthy school children in Shiraz,southern Iran, collected in 2002-2003 academic year. The mean±SD age of these children was9.1±1.4 yaers. The weight and height were estimated as 28.2±6.9 kg and 131.3±9.6 cm,respectively. Cross-sectional weight-for-height curves were constructed for both sexes.Parametric Lambda-Median-Standard Deviation (LMS) method was applied to estimate weight-for-height centiles.
Findings: Weight-for-height centiles for boys and girls were nearly close to each other, exceptfor the children of older age in which boys' centiles lay below those of girls. Centiles of thepresent study lay above previous ones. In both sexes CDC weights were greater than those ofIranians for a given height. This discrepancy was more pronounced in extreme high centiles.
Conclusion: The necessity for updating local weight-for-height reference data for clinical workin Iran is emphasized. The positive trend in weight-for-height had been influenced by socio-economic development and improvement of health indicators in Iran during the post warreconstruction period.
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IntroductionThe rapid increase in childhood overweight andobesity in recent decades represents a major

health problem, not only in the Western world[1–3], but also in developing countries[4]. There iscertainly a need for a simple method to assessoverweight or underweight in children, which
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weight-for-height standards appear to satisfy[5].Weight-for-height is generally defined as aquantity which measures shape largelyindependent of size. It is widely used innutritional status assessment because shape isfelt to be, in the broadcast sense, indicative ofbody composition[6]. The value of weight-for-height as a screening tool is particularly markedin two areas of public health, viz. protein-energymalnutrition and obesity[7]. The main advantageof this index is that it can be used when thechild’s age is either unknown or unreliable, as isoften the case in the developing world[8]. On theother hand weight and height are highlycorrelated during childhood so that children'sweight centiles tend to be strongly influenced bytheir height centiles[9].The aim of this paper is to update weight-for-height charts of South Iranian school childrenand compare the weight-for-height centilesreferences of a representative sample of 2397school children of Shiraz aged 6.5-11.5 years andborn at least 2 years after the 8-year imposedwar of Iraq against Iran (1980-1988) and carriedout in 2003 with their peers in a representativesample of 1207 school children carried out in1988 and fully described elsewhere[8]. Although,this issue in children of developed countries iswell documented[10-12], there is no study in Iranabout secular trend of weight-for-height charts.Only one study in Iran studied the secular trendof weight and height independently[13]. Inaddition, this paper explores the relationships ofSouth Iranian weight-for-height referencecentiles with those of CDC centiles in 2000.
Subjects and MethodsThe current study is cross-sectional and includesmeasurements of height and weight of 2397healthy school children (1268 boys and 1129girls) aged 6.5-11.5 years that were randomlyselected in multistage method forming a 2% ofthe school children from the four educationaldistricts of Shiraz, the capital of Fars provinceand one of the five principal cities of Iran, with apopulation of 1.5 million of whom 87.2% areliterate, in academic year of 2002-2003.

Therefore, this can be considered as arepresentative sample of urban children of Iran.Height and weight were measured to the 0.1cm and 0.1 kg respectively, using a SECA markedstadiometer and the techniques presented byCameron and fully described elsewhere[9]. Thedata were compared with a cross-sectional studyof 1207 school children of the same age carriedout 15 years earlier (1988) who experienced atleast 6 years of the imposed war of Iraq againstIran started in 1980 and ceased fire in 1988[8].The LMS method was applied to calculatesmoothed weight-for-height related centiles.This method summarizes the changingdistribution by three curves representing themedian, coefficient of variation and skewness,the latter expressed as a Box-Cox power. Usingpenalized likelihood the three curves can befitted as cubic splines by non-linear regression,and the extent of smoothing required can beexpressed in term of smoothing parameters orequivalent degree of freedom[14,15].LMS chart maker (professional)[16] and Excelsoftwares were used for construction weight-for-height centiles.
FindingsTable 1 presents the mean and coefficient ofvariation of heights and weights of children byage and sex. Boys' heights were larger than girlsup to age 8.5 years and then the trend changed.In addition, boys' weights were greater for allgroups except for the last one. It can be seen thatthe variation as measured by the coefficient ofvariation increased constantly for height andweight in both sexes with age except for boys inthe last group. However, weight was fourfoldmore variant than height.Fig. 1 illustrates the weight-for-heightreference charts of boys and girls. As illustratedfor all centiles boys' and girls' charts were nearlyclose to each other, even in some parts theycorrespond each other exactly, except for theolder children where the boys' centiles lay belowthe girls'.In addition, figures 2 and 3 compare charts ofweight-for-height  centiles  in  the  present study
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Table 1: Mean and Coefficient of Variation (CV; %) of height (cm) and weight (kg) of school children byage and sex, Shiraz (Iran), 2003
Age(Years)

Number Height (cm) CV (height) Weight (Kg) CV (weight)

Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls

6.5-7.49 210 165 119.6 119.3 4.3 4.3 21.9 21.8 14.1 15.1
7.5-8.49 205 193 124.8 124.3 4.4 4.2 24.4 24.1 16.8 14.9
8.5-9.49 229 204 130.4 130.1 4.6 4.7 27.7 27.2 19.5 18.0
9.5-10.49 239 229 135.5 135.9 4.5 4.6 30.8 30.5 20.4 19.3
10.5-11.5 261 254 139.6 141.6 4.4 5.0 33.1 34.6 18.4 21.1
Total 1144 1047 - - - - - - - -

(SGS 2003) with the old one carried out in 1988(SGS 1988)[8] and CDC (2000) standards. Thereis an overall trend towards higher values in bothsexes for the present study. As indicated infigure 2 and 3 all centiles lay above SGS 1988data. Although for shorter boys (shorter than114 cm) the previous centiles were higher, thisdifference was trivial. The positive trend showsthat our children are now more obese than theirpeers about 15 years ago were.Furthermore, these figures show that in bothcases CDC weights were greater than those ofIranian children for a given height. Thisdiscrepancy was more pronounced for extremeupper centiles, so our children are, thinner thantheir peers in the USA.

DiscussionAs indicated in figure 1 the boys' and girls'centiles are very close to each other, up to 145cm height, the girls' centiles lie above those ofthe boys, indicating the effect of pubescent ageson the growth indices that occur sooner for girlsthan for boys.As figures 2 and 3 illustrate, there has been apositive trend in weight-for-height index inShiraz as compared with SGS 1988[8]. Theupward shift is evident for all percentiles and isShiraz as compared with SGS 1988[8]. Theupward shift is evident for all percentiles and ismore pronounced in the upper centiles. This maybe due to changes in lifestyle such as

Fig. 1: Comparison of weight-for-height charts of boys and girls of Shiraz(Southern Iran), aged 6.5-11.5 years, 2003
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Fig. 2: Comparison of weight-for-height charts of boys: Shiraz GrowthStudy (SGS) 2003 vs 1988 and CDC 2000
socioeconomic, health and cultural develop-ments as well as modernization process in Iranin post war reconstruction period. In addition,changing dietary habits and physical activitypatterns due to rapid urbanization andmodernization and technological transformationcan influence this secular trend in weight-for-height index as a reliable measure of obesity,especially when the age is unknown orunreliable[7,8]. Therefore, our data supports thefact that update local standard centiles should beused.

A major difference between the present studyand previous one is the statistical method thatwas applied for constructing reference chart. Inthe present study parametric LMS method wasused, this method has the advantage that after asuitable power transformation the data arenormally distributed and provide more smoothcentiles. Another advantage of the LMS methodis that the three curves, L, M and S, completelysummarize the measurement’s distribution overthe range of covariates, and in addition they maybe interest in their own right. A key assumption

Fig. 3: Comparison of weight-for-height charts of girls: Shiraz GrowthStudy (SGS) 2003 vs 1988 and CDC 2000
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of the LMS method is that after a suitable powertransformation the data are normallydistributed. Anthropometric measurements,particularly weight and height, tend to followthis pattern[14]. In the previous studynonparametric Healy-Rasbash-Yang (HRY)method[17] was applied. Before applying thismethod on anthropometric measurements, fornormalizing the variables some transformationsuch as log transformation should be applied.These figures show that Iranian weight-for-height index charts lie below those of CDCstandards and these discrepancies were morepronounced in the upper centiles in both sexes.A main advantage of this study is that ourmethod is   comparable   with  CDC,  since  bothstudies have applied parametric LMS method.One should notice that, no widespreadmalnutrition is reported in Iran and the subjectswere healthy school children. As a result thissupports the fact that local growth standardsshould be used for assessing nutritional andgrowth status. The previous studies in Iranconfirmed our findings too; however, most ofthem were conducted on the infants’population[18-20].Most of the previous studies used Body-Mass-Index (BMI) as a measure of obesity and inassessing a new trend in growth[21-25], fewerstudies used weight-for-height for thispurpose[10-12]. This index has a main advantageover BMI, as it can be used when the child’s ageis either unknown or unreliable, as is often thecase in the developing world[8].Although age independence of weight-for-height is a useful statistical assumption, it is notquite true generally. Age dependence in theweight-for-height relationship is most marked inthe first year of life and again at puberty[5-7].Cole presented a method for the assessmentof weight-for-height which he claimed toovercome age independence in the weight-height relationship[26], but Ayatollahi showedthat his method leads to errors in the assessmentof Iranian school children; therefore hepresented a new method for solving thisproblem that is simple and stable and is likely tobe useful for any sort of growth data[5]. CDCassumed age independency in constructing ofweight-for-height charts[27].

Therefore, for comparative purposes the sameline was followed in this paper. However, agedependency in weight-for-height has beenexamined by the principal author[6,7] and aunified pattern standard score method for itsconstruction proposed[8], which can be validatedin a coming paper.
ConclusionThe paper provided local weight-for-heightcharts for Shirazi (South Iran) school childrenwhich should be updated periodically. Theauthors suggested such studies in otherprovinces of Iran. Until then, these charts arelikely to present weight-for-height charts ofurban school children for Iran, as thedemographic as well as general structure ofShiraz is similar to other principal cities of Iran.Weight-for-height proved to be a simple tool forassessing human obesity. On the other hand,socio-economic development and improvementof health indicator in Iran may be among thecauses of positive trend in growth status of ourchildren.
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